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RADIO BEACON 
David E. Keny0n, Cold Spring Iarbo, N. If., as- 
signor to The Sperry Corporation, a corpora- 
tion of Delaware 
Application April 10, 1947, Serial No. 740,693 
19 Claims. (CI. 343--112) 
This invention relates to radio navigation bea- 
cons and more particularly to automatic, fre- 
quency-modulated, beacon systems. 
Accordingly, a principal object of the inven- 
tion is to provide continuous, automatic radio 
beacon means affording a visual presentation 
on a craft, of the beacon identification and direc- 
tion relative to the craft. 
Another object of this invention is to provide 
continuous, automatic radio beacon means 
adapted to be connected to cooperate with radar 
navigation apparatus. 
Another object is to provide automatic radio 
beacon means comprising a nondirectional, ,con 
tinuously operating radio beacon sending an 15 
identification signal, and craft ràdio means, in- 
cluding a directional antenna, adapted to visual- 
ly present said identification signal in synchron- 
ism with the indicated bearing of said beacon 
relative to said .craft. i0 
Another object is to provide an easily added 
improvement to present radar navigation ap- 
paratus by furnishing directi0nal beacoi infor- 
mation fo thereby present an indicatiOn on the 
radar scope, which wiil identify the beacon and 25 
define its bearing. 
In existing radar beacons of the transponder 
type, there is generally a serious problem of re- 
quency tolerance control. This is because 
craft radar receivers must be. accurately tuned 30 
to their own individual transmitters, and inaS- 
much as all craft receivers must also be respon 
sive to the beacon transmitter, aH the craft 
transmitters would have to operate on exactly the 
saine frequency. This is very diflïcult fo aCcom- 35 
plish, as the frequenCies of individual power 0s 
cfllator tubes are subject to considerable varia- 
tion, and furthermore it is hot desirable as it 
would create a great deal of radar interference. 
If different radar and-beacon frequencie are 40 
used in existing systems, a separate, beacon local 
oscillator must generally be used and both fre- 
quencies cannot be indicated simuitaneously,  
The present invention solves this problem by 
transmitting a recurrent equence of different 45 
frequencies which are received by Separaté Craft 
panoramic receivers. Theref0re, the craft rà- 
dar transmitters and receivers may each operate 
at their individual frequencies and the pano- 
ramic receivers provide thë beaconinformation 
separately to the radar indicatorscpe. . " 
Another problem involved in presentiïg 
type of information on a .visual indidator/SUCh 
as a plan position indicat0r (PPI),is that of syh- 
chroniZing the received ignals With ttié direction 

of the beacon and with the indicator presenta- 
tion. 
This invention solves this problem by utilizing 
an omnidirectional beacon transmitter continu- 
5 ously transmitting frequency modulated signals, 
in c0mbination with craft radio apparatus of the 
type having a directional antenna, a bearing in- 
dicator and, as taught by the invention, a special 
panoramic beacon receiver. 
lç The invention also relates to the novel fèatures 
)r principles of the instrumentalities described 
.erein, whether or hot such are used for the 
stated objects, or in the stated fields or combina- 
tions. 
This invention wfll be more fully explained in 
connection with the following figures of which: 
Fig. 1 is a schematic diagram of the invention 
Figure 2 is a chart illustrative of the principle 
of he inventiof; 
Fig. 3 is a chart illustrative of another embodi- 
ment of the invention; 
Fig. 4 is a block schematic diagram of an em- 
bodiment of a beacon tranSmitter; 
Fig. 5 is a block schematic diagram of an em- 
bodiment of a beacon receiver; 
Fig. 6 is a schematic block diagram of the in- 
vention used in connection with a conventioal 
radar system; 
Fig. 7 is a map illustrative of the operation oï 
the invention; 
Fig. 8 is a block diagram of an embodiment of 
a beacon transmitter; 
Fig. 9 is a schematic diagram of an embodi- 
ment of a beacon modulator; and 
Fig. 10 is a series of wave forms illustrative of 
the operation of the transmitter of Fig. 9. 
Referring to Fig. 1 there is shown a beacon 
station apParatus and the Craft reCeiving ap- 
paratus. The beaCon statiOn comprises a trans- 
mitter  0ierably doniëcted to a modulator 4 and 
to an omnidirecti0iïal anténna . The tranS- 
mitter, may be of 10w or medium power, for in- 
stance in the microwave ïrequency land, a kly- 
stron tube may be Used as the power oscillator. 
Thë tránsmitter  .maF talle the f0rm of that de- 
scribed in C0pending application Serial No. 
740,692, filed Match 4, 1947, in the names oï 
David E. Ken0n and ttirstle M. ttammond, ïor 
 Modulàtin$ and TranSmitting Apparatus. The 
5O modulator 4 is adapted to frequency modulate 
that is, shift the carrier ïréquency of transmittèr 
 pr0porti0nàlly to a Coded identification signal 
which rná be for purpoSes Of illustating a gignàl 
letter in- conventional Morse code. Ttiè ornnidi- 
55 rectionàl antemïa 5 may be a simple dipole for 
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hiih îrequency operation, and it should be 
mounted high enough to provide a desirable line 
oÏ sight range. 
The craÏt radio beacon receiving means com- 
prises a beacon receiver ! operatively connected 
to a directional antenna 7 which is adapted to 
be rotated, and indicatini means 2 operably con- 
nected to the output of a beacon receiver 
The beacon receiver ! is a panoramic riciiver, 
that is, its frequency is adapted tobe periodicaliy 
swept through a frequency hand. A convenient 
form oï the indicating means 2 may be a cathode 
ray tube of the type using plan position (PPI in- 
dication). The indicator sweep voltage is syn- 
chronized with the panoramic sweep voltage of 15 
the beacon receiver |. 
As previously mentioned the beacon transmitter 
3 may be frequency modulated by identification 
signals which may be single letters consisting of 
dors and dashes. As the craft directional antenna 20 
7 is pointed towards the beacon transmitter 
it is desired that the beacon receiver | shali re- 
ceive these dors and dashes and present them 
visually on the indicator 2 as shown.by dot |7, 
dash | 8 and dot | 9. 
The directional part of this indication is auto- 
matically taken care of by the indicator sweep 
voltage rotating in azimuth in synchronism with 
the rotation of the directional antenna 7 in a 
manner similar to existing radar systems. The 30 
identification part of this indication, that is the 
arrangement of the dors and dashes on the indi- 
cator 2 wili be more fully explained in connection 
with Fig. 2. 
Fig. 2 shows a typical beacon frequency modu- 35 
lated transmission plotted against rime. Thus, 
it is seen that the beacon transmitter 3 transmits 
a frequency of F1 for a certain rime, sharply 
jumps to F2 then gradually changes its frequency 
to F, jumps to F4, and then transmits F4 for a 40 
certain rime, this sequence being periodically re- 
peated. The lines 20, 2| and 22, etc. represent 
the frequency excursions of the panorami re- 
ceiver |2 plotted against rime. Thus, as the re- 
ceiver frequency increases along line 20, if re- 45 
ceives a response to the frequency F1 which is 
then being transmitted by the beacon, the length 
of rime of reception indicated by the heavy line 
20' as determined by the bandwidth of the re- 
ceiver. 50 
 On the next frequency excursion of the receiver 
represented by line 2|, a similar response to fre- 
quency F, as indicated by the heavy line 2|', is 
received. Responses 20' and 2| coincide 
quency and produce a short signal 
on the cathode ray indicator screen. The' next 
frequency excursion, indicated by line 22, receives 
a response 22'. at some frequency between F2 and 
F. The followini four excursions indicated by 
lines 23, 24, 25 and 26, all receive responses be- 60 
tween F and F3, and it is noted that these 
sponses overlap, producing a long continu0us sig- 
nal, or a "dash" |0 on the persistent cathode ray 
screen. The next two frequency excursions indi- 
cated by lines 27 and 20 receive responses 
quency F, which responses coincide to produce 
signal 
Therefore, it is seen that the visual response 
indicated along the radio sweep trace of the cath- 
ode raF indicator | 0 will be as indicated by signals 0 
|7, |0 and |9--a dot, a dash and a dot--thereby 
identifying the beacon. There is no synclironism 
between the repetition rate of the frequency 
modulated beacon transmission and the repetition 
rate of the receiver frequency excursions. If is 
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desirable that the receiver repetition rate be sev- 
eral times that of the transmitter repetition rate. 
It is also desirable to sufficiently separate the 
transmitted frequencies, namely; F from F2 and 
F from F so that there will be adequate spacing 
between the visual signa]s. 
The transmitter beacon repetition rate must be 
correlated to the rotation rate of directional an- 
tenna 7 and its beam width, so that as the 
antenna 7 rotates past the beacon it will receive 
the transmitted code letter at least once, prefer- 
ably several rimes. 
Fig. 3 is illustrative of another system wherein 
the beacon transmitter 3 transmits several fre- 
quencies simultaneously and the beacon receiver 
sweeps through the entire frequency range, re- 
ceiving each frequency in turn. In this system 
dashes may be generated by utilizing two trans- 
mitter frequencies, such as F and F of Fig. 3 
close enough together so that the received hand 
width of each frequency will overlap producing 
a single long received transmission. Fig. 3 illus- 
trates the reception of a "dot," "dash," "dot" 
signal as the receiver frequency sweeps along the 
line 29 receiving a "dot" as it passes F, a "dash" 
as it passes F and F and a "dot" as it passes F. 
Referring to Fig. 4, there is shown an embodi« 
ment of the beacon transmitting means operating 
on the principle illustrated in Fig. 3; that is, 
simultaneously transmitting a plurality of differ- 
ent frequencies which are received as dors or 
dashes by the panoramic receiver depending upon 
their distribution within the receiver frequency 
spectrum. The individual frequencies Fs, F, 
and F are generated, respectively,, by generators 
55, 55, 57 and 50. These generators are connected 
to the antenna 5 through output connecting 
means 9. The separate generated frequencies 
may be either all carrier frequencies or one car- 
rier frequency and the others modulating that 
carrier frequency. 
Fig. 5 illustrates a schematic block diagram of 
beacon receiver |. The sweep voltage which 
sweeps the frequency of local oscillator 3|, ]S 
received from the sweep voltage generator 
through an amplitude control 33. As the local 
osciliator 3 | frequency sweeps through its desired 
hand, the receiver | receives all frequencies in 
that banal from the directional antenna 7. The 
R. F. signa]s and the local oscillator signals are 
heterodyned in mixer 3 and applied to inter- 
mediate frequency amplifier 35. The output of 
intermediate frequency amplifier 3 is limited by 
amplitude limiter 37 and the limited output 
is applied through bandpass iïlter 30 to de- 
tector 39 and video amplifier 42. The central 
local oscillator frequency may be set by the tuning 
control 45, and the gain of the I. F. amplifier may 
be set by gain control 4|. 
The characteristics of limiter 37 and bandpass 
filter 35 are chosen so as to automatically con- 
trol the intensity of the intermediate frequency 
amplifier output as the receiver operating fre- 
quency is swept through the beacon transmitter 
frequencies. The two-fold purpose of this auto- 
matic intensity control is first fo prevent over- 
loading of the succeeding stages by high 
tensity signa]s and secondly fo raise low intensity 
signa]s to the indicator threshold. The function 
of the limiter 37 is to avoid overloading but it 
a]so bas the undesirable effect of broadenih 
the intermediate frequency amplifier response. 
Therefore, the relatively narrow bandpass filter 
is added to overcome this broadening effect. 
The result of the automatic intensity control 



Of .Ïimiter-37 and bandpass tirer $8 is to presènt 
all of the received signals in the indicator at 
a constant .intensity, and thus avoid losing .low 
intensity signals and also avoid the blurring or 
running together of strong signals. For 
stance, if two beacon stations were being received 
simultaneously, one of which was much closer 
than the other or putting out a much stronger 
signal and the gain control was manually set 
fo prevent overloading by .the stronger station, 
then the weaker station Would hot be received. 
Conversely, if the gain control were set toreceive 
the weaker .station thon the stronger station 
would overload the system components. Band- 
pass .filter 38 also improves the signal to-noise 
ratio,as only the frequencies in the narrow band 
desired for intelligence are passed by if. : 
Random interference of an electrical or:radio 
nature which is received-by the beacon receiver 
wfll tend tobe averagedout, in the cathode ray 
tube presentation, against the background-noise, 
as the desired signals are reinforced at the sweep 
repetition rate, whereas the interference will 
occur randornly. 
ïhe addition of the limiting means and band- 
pass filter cooperates with this integrating func- 
tion of the indicator screen, fo improve the sig- 
nal to noise ratio, and the indicated signal reso- 
lution. These features plus the additional factor 
that the beacon receiving antenna may-be ruade 
highly directional enables the beacor .receiver 
indicate signals frora several beacons concur- 
rently providing they are hot on the same boat- 
ing. 
Fig.6 shows the invention adapted tobe used 
in cooperation with a conventional-radar system. 
The radar system comprises-the directional an- 
tenna 7 connected by wave guide B to radar 
transmitter-receiver 9 which in turn is connected 
fo the radar indicator {}, of the PPI type. The 
present invention adds the beacon receiver 
which is connected fo the directional antenna 
7 by means of wa-¢e guide 3 which is'connected 
to a T section in wave guide -8 through trans- 
mit-receiver (T-R) box 18.-Beacon receiver 
is of the panoramic type previously rnentioned 
and its frequency is adapted to be periodically 
swept through a predetermined frequency band 
in synchronism with the radar indicator sweep 
voltage which is received from the radar indi- 
cator 8 on lead 4. The video output of the 
beacon receiver, that is, the received "dors" and 
"dashes" which identify the beacon are applied 
to the radar indicator 8 tl'ough lead 5. The 
PPI indicator sweep voltage rotates in synchro- 
nism with the directional antenna .7. Thereïore, 
when the beacon identification signal is received 
by the beacon receiver 2, if will appear on the 
indicator 8 along the bearing of the beacon 
station relative fo the craft as illustrated. - This 
information is presented on the indicator in 
addition fo the other radar information received 
from nearby targets. 
Referring to Fig. 7, if is seen that several 
beacon stations may be received simultaneously 
fo thereby provide automatic, continuous, visual 
navigationalfixes and range information on the 
radar indicator. This illustration Shows a map 
of a harbor entrance area having two beacon 
stations, U and R located on opposite sides of 
the harbor entrance. Beacon U transmits the 
dot, dot, dash signal and beacon R transmits a 
dot, dash, dot signal. The craft indicator 58 
illustrates the visual beacon presentation on a 
craft. If the base line distance between beacon 
U and R is known, a elatively accurate naviga- 
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tional-fix .may 'be .esfly. obtined.. As,he craf 
moves aloig .the prescribed course :to.:location 
5 , the-angle between the w0 beacons. vill. widen 
and landindications 52 and ..buoys 53 and 
5 vill be picked up by theradar:system £husgf- 
fording accurte range',inf0rmation. The.becon 
reception station is .operative even if the.:radar 
transrnitter is .hOt operating and if extends :the 
range Of the radar indication system consider- 
10 ably as-the beacon signals may be picked:.up on 
a much further range .than target echoes. This 
range may .be further increased bY mounting the 
beacon stations vezy high, for instance, on a 
mountain top.:or a high :cliff ThUs, it is :seen 
-15 that .when :the:-beacon receiver is .:used .in .con 
junction with :a :radar, the ..beacon range. :may 
be letermined :.bY :the obser¥tïon-of a .simul- 
tane0us presentation Of becon :and vadär sigv 
nals, whenever the.loction :of.the beacon trans- 
20 mitter is known with :-respect fo -the :shore/line 
or other radar :tm'gets.  
Fig..8 illustrates a schematic block diagram 
of an embodiment of a beacon transmitter-of.the 
type .disclosed  :in the above-mentioned applica - 
25 tion Serial No. 740,692, filed .Match 4, 1947., in 
the names oï Davic! E. Kenyon and Hirstie M. 
Hammond, for Modulting and Transmitting 
Apparatus. If comprises a .power output 'stag e 
 l which in turn is operably connected fo SUit- 
30 able waveforming circuits. These-wave-form- 
ing circuits perform the function of .providing 
the coded .wave form modulation, .that is, pro- 
viding a wave form such as that illustrated-in 
Fig. 2. The wave forming operations may be 
-35 performed by suitable combinations Of oscil- 
lators, rectangular wave  generators' and: saw- 
tooth wave generators. Thus-the complex wave 
form 8]' of Fig. 10 may be :broken down as 
ïollows: portion A is a rectangular wave of low 
4O amplitude; portionB comprises a saWto0th vaVe 
of a higher average le-Col; and portion C a 
tangular wave having astill higher averagelevel. 
Each portion of the complexwave is generate d 
by one of the separate generators and their 
5 outputs are combined together, in the desired 
sequence by combining means 5, and.thon 
applied to oscillator ! ! l. 
The separate wave forming circuits flluz'bted 
in Fig. 8 comprise arectangular wavegenerator 
! ! to provide portion A of the wave f0rm; a saw- 
tooth voltage generator 8 having .a highër 
average voltage level to .provide the sloping part, 
i. e., portion B, of the wave form; and-n0ther 
rectangular wave generator ! ! 5 .to form the..por- 
tion C. The rectangular wave generators may 
5 be multivibrators or square wave generators, and 
one must be a free running multivibrator to 
initiate the CyCle. The three wave forming gen- 
erat0rsare arrànged fo be triggered by .the pre- 
ceding generator at the conclusion of the pro- 
60 ceding portion of the waveïorm. 
The sequence oï the operation cycle may be 
described as ïollows: assuming thefree running 
generator .to be generator 5, it initiates the 
first cycle and triggers 'the rectangular wave 
65 generator !  Which forms:portion A of the wa.ve 
form, and at the conclusion thereoï triggers saw- 
tooth generatov ! 8. Sawtooth generator  ! 
forms portion B of the wave ïorm and at the 
completon thereoï triggers :óff rectangular gen- 
T0 erator 8 which formsportion C. The sum of 
the rime durations of the three waveforms, must 
be chosenless £han the period of the free running 
multivibrator, so that the succeeding cycles will 
be self-triggering. 
-7 Fig.9 is-a schematic:diagram of such a modu- 



la,or circuit arranged for generatfon of an 1 or 
dot-dash-dot code. Referring fo the sketch, 
vacuum tube 60 and associated .circuit is a free 
running type of rnultivibrator; tube 70 and tube 
80 circuits .are "one shot" rnultivibrators, that is, 
rnust te triggered each cycle; tube 90 is a cath- 
ode follower and mixer, and tube I is a D. C. 
restorer. The sequence of operations rnay te 
described by referring to the wave ïorrns oï Fig. 
10 which each have the sarne nurnber, plus a 
prime mark, as .the comportent where they occur, 
for instance, plate 01 ha a wave form 01 '. 
Assume that plate 01 of tube 8 is conducting, 
plate 82 is hot conducting, and grid 05 is held 
below cutoffbya charge on capacitor 07. When 
capacitor 07 discharges suiïiciently through 
resistor 88 to reach the cutoff level of grid 05, 
plate 82 of tube 0 conducts and grid 00 is driven 
below cutoff. The result is a rectanguiar voltage 
wave on plate 01, shown as wave form 01' of 
Fig. 10, the duration of the positive portion of 
which is determined by the .rime constant of 
resistor 58 and capacitor 59. In a speciflc ern- 
bodirnent where resistor 58 is equal to 1 rnegohrn 
and condenser 59 to .002 rnf., it will take approxi- 
rnately 3500 rnicroseconds for grid 88 to rise to 
cutoff as condenser 59 rnust charge frorn --260 v. 
toward 4-40 v..and cutoff is reached at --12 volts 
bias. 
The resistor 08, capacitor 07 tirne constant is 
chosen large to hold grid 85 cutoff for the re- 
rnainder of the cycle. The square wave 0' is 
thon differentiated by capaciter 0 and resistors 
77 and 77', thereby producing a wave form 75' 
illustrated in Fig. 10, which is then applied fo 
grid 75 of tube 7l}, which grid is norrnally af zero 
bias. The negative pip corresponding fo the 
negative going edge of square wave 0|' drives 
grid 75 below cutoff rnornentarily, and plate 72 
of tube 7l} therefore stops conducting, giving rise 
fo a square wave 72', the ,positive duration of 
which is deterrnined by the tirne constant of 
resistor 77 and capacitor 78. For purposes of 
illustration, if resistor 77 is equal te one rnegohm 
and condenser 78 is equat fo .008 microfarad, if 
would take approxirnately 14,000 rnicroseconds 
for grid 75 to rise to cutoff potential since if rnust 
rtse frorn --260 volts to 4-40 volt& 
This square wave 72' of Fig. 10 is differentiated, 
by capacitor 7 | and resistors 8 ! and 8 |', thereby 
producing wave forrn 85' which is applied to grid 
85 of tube 8 which is norrnally ai zero bias and 
the negative pip corresponding fo the negatiçe 
going edge of square wave 72' causes grid 85 fo 
te driven rnornentarily below cutoff. This results 
in a square wave 82' occurring af plate 82, the 
positive duration of which is determined by the 
tirne constant of resistor 8| and capaciter 79. 
This tirne constant has been chosen for illustra- 
tion to te equal to that of capacitor 59 and 
resistor 58. Therefore, the tirne duration of the 
positive portion of square wave 82' is equal to 
that of square wave 0|', approximately 3500 
rnicroseconds for the illustrative values chosen. 
The square wave 82' is differeniated by the 
differentiating circuit at 8S, thereby producing 
wave forrn 08' which is applied te grid 00 of tube 
8l}. The negative pip of wave forrn 85', corre- 
sponding te the negative going portion of square 
wave 82', drives grid 80 rnornentarily below cut- 
off and a second cycle is thereby initiated. 
Returning te the square wave 72', it is also 
applied fo a network cornprising the resistors 87 
and 88 and capacitor 89, thereby producing af 
grid 90 the wave forrn 90' which consists of an 
initial instantaneous voltage rise followed by a 

sloping voltage rise. The initial instantaneous 
voltage rise is determined primarily by the ratio 
of the resistances of resistors 87 and 88 and the 
slope is determined by the tirne c'onstant of the 
5 total resistance of resistors 87 and 88 and the 
value of capacitor 89. The wave forrn 90' is 
utilized to obtain that portion of the rnodulation 
voltage which ,produces the "dash" signal. 
Tube 9{} is a cathode folower which is used to 
10 mix the various wave forms previo.usly discussed 
in .the desired sequence and .obtain a complex 
voltage output across ifs cathode output resistor 
9L which output is then applied to the power 
oscillator, for instance, to the reflector of a 
15 klystron type tube, in order te obtain the desired 
frequency modulation characteristic in the trans- 
rnitted output. 
The square wave 82', previeusly rnentioned, is 
applied to the other grid 95 of tube 8{k The 
20 average D. C. voltage level of grid 95 is deter- 
rnined by the bias supplied through switch |{}2 
by potentiorneter H}5. In a sirnilar rnanner, the 
setting of the potentiorneter Iii determines the 
D. C. voltage bias of grid 95 through switch |06 
25 and therefere the reference level of the "dash" 
wave forrn 95' which is applied to grid 90. 
Tube |{}{} is a D. C. restorer diode which re- 
stores the D. C. voltage level of grid 90 to the 
bias level of potentiometer | | |. 
0 The sequence of wave forms producing the de- 
sired combined voltage wave form output $7' 
across the cathode of resistor 97 of tube 9{} is as 
follows: 
Portion A.--The D. C. voltage level across re- 
sistor 97 as determined by the bias voltage set- 
tings of potentiometers |{}5 and I I | is maintained 
for the positive duration of the square wave 8|' 
as both grids 95 and 95 of tube $0 are ata fixed 
level during this period; 
Portion B.The sloping top wave 90' is then 
40 
applied fo grid 95 resuiting in an initial sharp 
fise in cathode voltage followed by a slow rise 
due to the shape of this wave forrn; 
Portion C.--The square wave 82' is applied fo 
grid 95 af the exact rime that the sloping wave 
45 form 95' is decreasing toits reference level. The 
amplitude of the (C) portion depends on the 
peak amplitude of square wave 82' and the bias 
applied to grid 95. At the trailing edge of square 
wave 82', the cathode of tube 90 again returns to 
50 the D. C. reference .voltage determined by the 
bias applied to grid 95, and the negative pip of 
wave forrn 65', c0rresponding to the trailing edge 
of square wave 82', initiates a new cycle. 
As the frequency sequence of coded characters 
55 transmitted is determined by the relative volt- 
age levels applied to the output stage, which rnay 
be a klystron type tube, this sequence rnay be 
determined by the settings of potentiometers |{}5 
and Iii. For the wave form just described, an 
60 R code is produced, as the voltage sequence is 
dot-dash-dot. 
A dot-dot-dash code rnay be obtained from the 
same circuit. Assume that switches 1{}2 and |{}S 
are thrown to the other POtentiorneters H}4 and 
65 100 and that their settings are such that the 
sloping top wave forrn 98' is added to a high 
D. C. bias on grid 96 and the square wave 82' is 
added fo a rnediurn D. C. bias on grid 95. The 
resulting code will then te dot-dot-dash or U 
70 code. 
With the circuit shown, an S dot-dot-dot code 
can also te obtained by adjustrnent oÏ resistor 
87 such that a substantially flat-topped square 
wave is applied fo grid 98 of tube $l}. In this 
75 case, if the resistance of resistor 87 is rnade, say 
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nine rimes greater than resistor 88, the initial fise 
of wave form 96" will be practically the full rise 
and it will be practically a square wave. The 
modulating wave formç output will thon contain 
three stepped voltage levels. The multivibrator 
rime constants should be so adjusted that these 
are of equal rime duraGon. 
If two rather than three characters are de- 
sired, this result can be obtained by adjustment 
of the potentiometer t@4 or t@@, such that the 
square wave applied fo grid 9@ does hot reach a 
value above cutoff. A "dot-dot" or "dot-dash" 
can thon be obtained by adjustment of resis- 
tor 
Codes of more than three characters may be 
obtained as follows." Successive dors may be gon  
erated by the addition of a multivibrator in the 
"chain," a cathode follower mixer, and a D. C. 
restorer for each dot. 
Successive dashes may be added in a similal" 
manner by the use of a longer 1. C. constant, and 
R. C. network for sloping the top, and an addi- 
tional D. C. restorer for each dash added. 
The repetition rate is determi.ned by the sure 
of the rime intervals for each multivibrator in 
the chain. For examp!e, With the dot-dash-dot 
described, a dot square wave width of 3000 
croseconds and a dash squame wave width of 
14,000 microseconds, the .rime per cycle, will be 
20,000 microsec0nds which is a repetition rate 
Of 50 cycles. 
Thus, if is seen that the Panoramic receiver 
frequeicy is swept through the beacon trans- 
mitter frequency hand in synchronism with the 
sweep voltage of the PPI indicator, and the boa- 
con r.eceiver output is thon applied to the PPI 
indicator. The received beacon azimuth indica- 
tio is preSented in coded form along the PPI 
sweep length thereb identifying and defining 
the. direction of the. beacon transmitting stations. 
The beacon transmitter is continuously oper- 
aed ata suitable repetition rate. and the re- 
ceived Indications are synchronized, on the PPI 
indicat0r by.the synchrorfism between the sweep- 
ing of. the receiver oscillator frequency and the 
sweep voltage of the indicator..There is no syn- 
chronism between the- beacon repetitionrate and 
the. receiver.. The azimuth information is auto- 
matically taken came of by a conventional ro- 
tating directive antenna system, the zotating 
sweep voltage of the indicator rotating in syn- 
chronism with the directional antenna, thereby. 
pre.senting the beacon identification signal al0ng 
the beacon azimuth. The beacon, receiver Coop- 
erting with a radar system may use the saine 
directional .antenna as the radar system. 
The invention may be used in cooperation with 
a radar system or may be used independently 
and itis not limited to the microwave frequency 
region but may be used in a-ny frequency banal. 
For instance, if may be used in the long wave 
banals, for recèption at great distances. 
The invention is easily adapted for use - with 
conventional- radar systems to thereby add navi- 
gational information to the radar information. 
For instance, when approaching a coast line, 
beacon signals affording an automatic naviga- 
tional fix, will be received by means of the in- 
vention, long. belote radar echoes, are received. 
Since many changes could be ruade in the above 
construction and many apparently widely dif- 
feront embodiments of this invention could be 
made without deprting from the scope thereof, 
if. is intended tha all marrer contained in the 
above description or shown in the accompany- 
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ing drawings shall be interpreed as illustrative 
and not in a limiting sense. 
Certain subject marrer disclosed herein relat- 
ing to transmitting and modulating apparatus 
5 as in Fig. 9 may be claimed in copending appli- 
cation S. N. 740,692, filed Match 4, 1947, in the 
names of David E. Kenyon and I-i. M. ttammond 
for modulating and tranmitting appamatus. 
What is claimed is: 
10 1. In a radio beacon system, a radio trans- 
mltter modulated fo transmit signals of differ- 
ent frequencies in a predetermined arrangement 
within a predeermined frequency hand and hav- 
ing a predetermined rime sequence, craït radio 
15 means responsive to-said transmited signals 
compriing a rotatable directional antenna, a 
ceiver connected fo said directi0nal antenna and 
adapted to have its operating frequericy swept 
through said predetermined ïrequency hand to 
20 thereby detect the transmitted frequency ar- 
rangement modulation, and indicating means re- 
sponsive to said receiver to indicate said signals 
and responsive to said directi0nal antenna to 
indicat the direction of said signals. 
25 2. In a radio beacon system, a radio trans- 
mitter modulated to transmit signals having a 
predetermined ïrequency sequence, craft radio 
means responsive to said transmitted signals 
comprising a rotatable directional antenna, a 
3O panoramic receiver connected thereto adapted to 
receive said frequency signals separately, and 
indicating means responsive to said receiver to 
lntegrate said signals and to said directlonal an- 
tenna to indicate the bearing oï said signals. 
35 3. In a radio beacon system, a plurality oï 
radio transmitters each modulated to transmit 
signals hvlng definite rime and frequency spac- 
ings, craft radio means comprising a rotatable 
directional antenna, a receiver adapted to 
4O ',eive salcl signal frequencies sèpamately, and vis- 
ml indicating means responsive to said receiver 
to Continuously integrate and detect said modu- 
lated signals sYnchronized according fo said defi- 
ite frequency variations, and responsive ito said 
45 irectionàl antenna to indlcate the bearing of 
said transmitters to thereby provide a naviga- 
tional fix for the craft. 
4. Transmitting means af one location fo 
transmit an ilentiïylng sequence of ïrequencies 
5O having a definite distributión within a certain 
requency spectrum, and panoramic receiving 
means responsive to said frequencles including 
signal storage means o thereby identify said 
transmitting means accorling to said frequency 
55 distribution within said frequency spectrum. 
5. Transmitting means af one location adapted 
to transmlt a sequence of frequencies within à 
certain frequency spectrum, the distribution of 
said frequencies within said spectrum being 
6O ranged fo convey intelligence, and receiving 
mears adapted to sweep said spectrum and re- 
ceive said frequencies separately including sig- 
nal indicating means dapted fo indicate the 
intelligence contained in said frequency distribu- 
65 tion. 
6. A panoramic modulation system comprising 
means to create wave forms having portions 
which bave a rate of change of amplitude to rep- 
resent dashes and portions which bave no rate 
70 oï change of amplitude to represent dors, said 
portions being seprated by substàntially instan- 
taneous changes of amplitude, transmitting 
means, means to shift the frequency of said trans- 
mitting means within a certain frequency nd 
$ proportionally so-said wave forms, panoramic 
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receiving means adapted to periodically sweep 
said frequency band, said sweep duration having 
a period substantially different than said wave 
form period and signal storage detecting means 
adapted to detect dashes from said variable fre- 5 
quency transmissions and dors from said con- 
stant frequency transmissions. 
7. Transmitting means adapted to periodically 
transmit a definite identification frequency vari- 
ation within a certain frequency hand and in a 10 
predetermined rime sequence, panoramic receiv- 
ing means adapted to periodically sweep said fre- 
quency hand ata rate other than said transmit- 
ter repetition rate, and means responsive to said 
receiving means including signal storage means 15 
to combine said signais additively and detect iden- 
tification signais from said. definite frequency 
variation. 
8. Transmitting means adapted to transmit 
frequencies having a definite identification fre- 20 
quency distribution within a certain frequency 
hand and in a predetermined rime sequence, pan- 
oramic receiving means adapted to sweep said 
frequency hand periodically and indicating 
means including signal storage means adapted to 25 
visually present the energy distribution in said 
frequency hand to thereby identify said trans- 
mitting means. 
9. ïn a radio beacon navigation system, means 
to transmit signais characterized by predeter- 30 
mined recurrent frequency spacings within a fre- 
quency hand, comprising a power oscillator, means 
fo vary the frequency of said power oscillator 
and means fo key said power oscillator in said 
predetermined recurrent sequence; panoramic 35 
receiving means adapted to periodically sweep 
said frequency hand; and means responsive to 
said receiving means to indicate said signais. 
10. ïn a radio beacon navigation system, means 
to transmit signals having a recurrent frequency 40 
modulation, comprising a power oscillator, means 
to apply frequency modulation to said power 
oscillator, means to provide said recurrent fre- 
quency modulation envelope comprising a re- 
current frequency oscfllator, at least one dot gen- 45 
erator and at least one dash generator; craft 
radio means responsive to said transmitted sig- 
nais comprising a rotatable directional antenna, 
a panoramic receiver connected to said direc- 
tional antenna, and indicating means responsive 50 
to said receiver to indicate said signais, and re- 
sponsive to said directional antenna to indicate 
the direction of said signals. 
11. In a radio beacon navigation system, means 
to automatically transmit frequency modulations 55 
representing recurrent codes of any combination 
of at least two characters, comprising power out- 
put means and frequency modulating means hav- 
ing at least one saw-tooth wave generator, af 
least one rectangular wave generator and means 6o 
to combine the outputs of said generators in the 
desired modulation sequence; receiving means re- 
sponsive to said transmitting means adapted to 
receive said signals selectively according to their 
direction and frequency, and indicating means 65 
responsive to said receiving means to indicate, the 
identification and direction of said transmitter. 
12. In a direction finding system, a directional 
wave collector for receiving waves of character- 
istic frequencies from a remote transmitter, a ïo 
local oscillator for generating a local oscillator 
wave, a mixer for heterodyrdng said received 
waves and said local oscillator wave to produce 
beat frequency waves, selective amplifying means 
mclding an intermediate amplifier, limiting 75 

means and a bandpass filter, the characteristics 
of said limiting means and said bandpass fllter 
being chosen to automatically control the inter- 
mediate frequency 0utput to thereby passdiscrete 
signals, an indicator having an indicating beam 
positional on a viewing screen, the intensity of 
said beam being varied in response to the am- 
plitude of Said selectively amplified waves, means 
for positioning said beam in accordance with the 
direction of said wave c011ector, and means for 
periodically defiecting said beam and .simultane- 
ously varying the frequèncy of said local escflla- 
tor whereby said beat frequency waves are swept 
past said predetermined range of frequencied to 
reproduce said characteristic frequencies on said 
indicator screen by chaçacteristic indicating beam 
interisifications. 
13. In a craf navigation"system, a directional 
antenna adapted tobe rotated, a radio receiver 
comprising means to peçiodically sweep the op- 
erating frequency f said receiver over a prede- 
termined frequency spêctrum, including local os- 
cfllator means adapted tQ be periodically varied, 
an intermediate freqliëncy amplifier, amplitude 
liniiting means c0nnécted to the oUtput of said 
lmiting means amplïfier, a bandpass filter con- 
nected to the output of said limiting means, de- 
tecting means responsive .t0 the output of said 
bandpass filter and. ampiifying means connected 
to the output of said detector, indicating means 
responsive to said receiver fo indicate signal fre- 
quencies within said spectrum and responsive fo 
said directional antenna o indicate the direction 
of said signals, including a cathode ray indicator 
having cathode ray beam sweep means in syn- 
chronism with said teceiver frequencF, sweep 
means, and beam rotation means in synchronism 
with said directional antenna rotation. 
14. In a craft navigation system, a directional 
antenna adapted tobe rotated, a radio receiver 
comprising means to sweep its operating frequen- 
cy over a predetermined spectrum, means to im- 
provethe signal to noise ratio and signal reso- 
lution including lim.iting means and a bandpass 
filter, indicating means esponsive to said receiver 
to indicate signal'frequencies within said spec- 
trum and responsive to said directional antenna 
to indicate the direction of said signais includin 
signal storage means to combine said signals ad- 
ditively. 
15. In a radio navigation system, a.radio krans- 
mitter adapted to transmit signals of different 
frequencies within a predetermined frequency 
hand, craft radio means responsive to said trans- 
mitted signais comprising a rotatable directional 
antenna, a panoramic receiver, including limiting 
means and bandpass filter means, connected to 
said directional antenna and adapted to have it 
operating frequency swept through said prede- 
termined frequency hand, and indicating means 
responsive to said receiver to indicate said sig- 
nais and responsive to said directional antenna' 
to indicate the direction of said signais. 
16. Transmitting means at one location, to 
transmit a definite sequence of frequencies means 
to control the rime spacing of said frequencies, 
said frequency sequence containing intelligence 
modulation, and panoramic receiving means fo 
detect said intelligence by sweel0ing through said 
sequence .frequencies. 
17. Transmitting means at one location fo 
transmit a definite arrangement of frequencies 
means fo control the rime spacing of said fre- 
quencies, said rime frequency sequence contain- 
ing modulated intelligence and panoramic receiv- 
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ing means te detect said intelligence oy sweeping 
through said definite ïrequency arrangement. 
18. Transmiiting means at one location te 
transmit a definite ïrequency distribution means 
te control the rime spacing oï said frequency dis- 5 
tribution, said time ïrequency distribution con- 
taining modulated intelligence and panoramic re- 
ceiving means te detect said intelligence bY sweep- 
ing through said distribution oï frequencies. 
19. In a radio navigation system a beacon 10 
transmitter having means te transmit a plurality 
oï frequencies, means te modulate said transmit- 
ter coraprising means te separate said ïrequency 
signals in the spectrum by predetermined 
amounts, means te an-ange the rime sequence oî 15 
said separate frequency transmission in a prede- 
termined manner whereby said spacing and said 
rime sequence provides a modulation, and a craït 
panoramic receiver ïor detecting said modulation. 

DAVID E. KENYON. 
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